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Why Small Cars?

= For vehicles 900-1,600kg

= 25% reduction in CO, for top 50 vehicles

= Results in a 17% reduction in CO, emissions overall
= For vehicles over 1,600kg

= A 40% reduction in CO, for top 50 vehicles

= Results in less than 1% reduction in CO, emissions
overall

2
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High Penalties for CO, Emission

Vehicle price | CO2 Emission | Extra cost 2012 Extra cost 2015
20€ per g/km 95€ per g/km
€ > 120 g/km € % of € % of
vehicle vehicle
price price
8000 20 400 5.0% 1900 23.8%
40000 40 800 2.0% 3800 9.5%
70000 60 1200 1.7% 5700 8.1%
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EU Interest in DCT Technology Remains High

* DCT History AUTOMATISCHES SPAREN
. Doppalkupplungsgetriebe liegen im Trend, VW, Ford und Volvo sowie die
u 2003 W/VW, Au d I Zn E!wiql.:rm-l"_rmru;r, und ZF 'f.ul|:_?:¢-u zur IAA ihre neum:i:l-.rnwn:Uuubmn.I .
= 2008 w/Nissan,
Mitsubishi

= 2010 US & Asian OEM

= State-of-the-Art
= |mproving efficiency
= Drag reduction
= Pump downsizing
* Reduced Leakage

= Increased ratio spread __ | __
= eMachine integration Erea O

% Dpoeliepn lerggineas

B maillizh sogebonier Eikiromesal
m AT 0 Burkeiwe e Stai 8 g AR

Ref: auto motor und sport, HEFT 20 12.September 2007 4
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Compact / Midsize Class Vehicle

Main Venhicle Class Compact, Midsize

Max Torque Engine 250 Nm (downsized 200 Nm)

Vehicle Weight 1600 kg
Maximum Weight 2200 kg
Trailer Weight 2000 kg
Transmission 7-Speed HEDCT

7-Speed HEDCT Mild Hybrid

5
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7-Speed DCT Concept

2 R 5 1

__\V/_I_ jTL —_—

T mm LAE )lk L
Combustion —
Engine _|: \V/ ~

o8 S AL LIALL -ﬂ /—JI_ _DTC Ts
T gy
!

~

Compact / Midsize Class Vehicles
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7-Speed DCT Hybrid Concept

—2 R 5 1

El. Motor |- IN(E3 “jTL“ T

El. Motor = P71 mmm T LAE- )lk L
Combustion ] —
| o — T
Engine o T ==

U TSE By L

Ol ola
4 6. g

=

Compact / Midsize Class Vehicles
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Summary Fuel Consumption , Compact Car

Consumption Improvement Gasoline

| conventional DCT | High Efficient [HE] DCT Concepts

2.2% 4.2 % 4.9 % 6.0 % 14.2 % 15.2 %

7.126 6.829 6.780 6.702 6.111 6.042
/200 km 1/200 km /200 km /200 km /200 km /200 km
Wet DCT Wet DCT HE-DCT HE-DCT + HE-DCT HE-DCT + HE-DCT

Prod. Prod. Conventional el. Pump  High Pressure  el. Pump +  High Pressure

2003 2007 Hydraulic Accumulator  Mild Hybrid  Accumulator +

Mild Hybrid

New European Drive
Cycle (NEDC)

8
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Fuel Efficiency different cycles, Compact Car

% Improvement in Fuel Consumption for
Various Drive Cycles, DCT2003 => 100%

0 Fuel Cons. After Improvements BHEDCT+HP B Mild HYB

100%

80%

60%

99,0%
o 84,8% 86,1%
40% 74,3%
20%
0% w &—
NEDC Japan US City Cycle US Highway Cycle

-20%
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Further Improvement by engine downsizing

= = " 200 Nm Gasoline

= 250 Nm Gasoline

Smaller engine with less
acceleration potential.

vehicle acceleration in m/s2

0 50 100 150 200 250
vehicle speed in km/h
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Further Improvement by engine downsizing

P — = " 200 Nm Gasoline + Hybrid

= 250 Nm Gasoline

Smaller engine + Hybrid
with similar acceleration
potential.

vehicle acceleration in m/s?

0 50 100 150 200 250
vehicle speed in km/h

Further fuel efficiency improvement by downsizing the engine

11

x BOfgWﬂrner CONFIDENTIAL INFORMATION CARB Symposium 21.04.08



Micro / Small Class Vehicle

Main Vehicle Class Micro, Small

Max Torque Engine 140 Nm

Vehicle Weight 1150 kg
Maximum Weight 1650 kg
Trailer Weight 1000 kg
Transmission 6-Speed HEDCT

5-Speed HEDCT Mild Hybrid

12
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6-Speed DCT Concept

6 2 R
il —
Ao Y
-~ = ::)Ak:: QAE;
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Micro / Small Class Vehicles
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5-Speed DCT Hybrid Concept

El. Motor -
T 2 4 T
Sl ey
El. Motor 7 = LI
Combustion | | T e el
Engine i =
o ::T
LA
L 3 5

Micro / Small Class Vehicles
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Summary Fuel Consumption , Small Car

Consumption Improvement Gasoline

| conventional DCT | High Efficient [HE] DCT Concepts

2.3 % 4.6 % 5.5 % 6.7 % 18.1 % 19.2 %

5.868 5.815 5.741 5.039 4971
/200 km /200 km /200 km /200 km /200 km
Wet DCT Wet DCT HE-DCT HE-DCT + HE-DCT HE-DCT + HE-DCT
Prod. Prod. Conventional el. Pump  High Pressure  el. Pump +  High Pressure
2003 2007 Hydraulic Accumulator  Mild Hybrid ~Accumulator +
Mild Hybrid

New European Drive
Cycle (NEDC)

15
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Fuel Efficiency different cycles, Small Car

% Improvement in Fuel Consumption for
Various Drive Cycles, DCT2003 => 100%

O Fuel Cons. After Improvements BHEDCT+HP B Mild HYB

100%
80%
60%
96,2%
40% 80,8% 82,3%
69,6%
20%
-1,8%
0% | o
NEDC Japan US City Cycle US Highway Cycle
-20%
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Acceleration 6-Speed vs. 5-Speed Hybrid

vehicle acceleration in m/s?

— — = 5-Speed + el.motor
(gear sel. 2,3 ,4 & 5)

6-Speed

50 100 150
vehicle speed in km/h

200
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HE DualTronic®

Production DCT

Lube Flow

New clutch lube concept

Less Lube Flow Requirements

HE DualTronic ®

Measurement 10bar MP

20
>
Clutch Slip Power =15 |
£ Production DCT 4 A
Clutch Cooling Flow z 10 Ml«
requirements are reduced = e
in every driving condition B High Efficiency DCT
(idle, creep, shift, launch). // ‘
0 /= J’M
0 1000 2000 3000 4000
Engine Speed
18
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Friction Material Improvement

A
/
DualTronic® g //
) friction material p
© /
& /
S M
s New HE
_ - 1 DualTronic®
=" \ friction material
————— L — >

Interface Temperature

19
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Drag Loss Optimization Process

Optimization

Artificial
Intelligence

Neural
Network

s Verification with

Measurements

20
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HE DualTronicY  Drag Losses idle D

Measurements Drag Losses idle D

1. Drag Torgque reduction through lower lube requirement

2. Further drag torque reduction through groove design optimization

Drag Torque for both Clutches (Clutch 1 + Clutch 2)
in Idle condition at Temperature 20C

15

Drag Torque [Nm]

B1l/min E5 I/min

Conventional

High Efficiency
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Wet — High Efficiency — Dry ?
Optimum between ratio and
@‘m req@

c
e
g +3% \ \
0
S N
S Q \
o0 0 //
S W
L =z
S <
O]
£ .3y
% - 0
= 0 2,5 5 Wet HE 0 Wet HE Dry
Ratio change [%0] Clutch Cooling Ratio change
Flow req. +
Clutch Cooling
Flow req.

High Efficiency DualTronic is optimum for fuel efficiency!

22
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Wet - Dry - HE DualTronic®

Wet Dry HE DualTronic ®
Wear Resistance + 0 +
Torque Capacity + 0 +
Inertia + . +
Fuel Efficiency 0 + +
Stability of friction behavior + 0 +
Controllability + 0 +
Package + 0 +
Overload Protection + - +

23
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HE DualTronic®

Leakage Reduction

Improved Efficiency with Decreased Pump Displacement

VBS

Closed End VBS
Trend Low Flow Direct Acting (MDA)

Reduced
Leakage

HE DualTronic

_—~ MDA

CE VBS

Commanded Pressure

®H

24
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HE DualTronic® High Precision lube flow

2 stage pressure control Direct acting area control solenoid
max —|21.9 max — 21.8
- — 20.8 | - ) — 20.7 |
— 18.1 | \ X:\ — 18.0 ]
= — 12.8 = \ — 128
I= —_— 6.1 | c \\ — 6.1 |
=, 3.1 =, 3.2
= =
o o
LL L
0 - 0 =
O 02 04 06 08 1 1.2 O 02 04 06 08 1 1.2
Current [A] Current [A]

= High precision lube flow gives, optimum between eff iciency,
comfort and life time.

= High precision lube flow is needed to get optimal ¢ ooling flow

25
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HE DualTronic®_ Optimized Valve Body Design

DCT2010 Mechatronic Module

* Integrated shift actuation
* Reduced solenoid size & count

Original DCT2003 Mechatronic
Module

26
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HE DualTronic®  Pump Downsizing Study

1015 mode NEDC IDC
Pump Disp. (Japan) (European) (Indian)
(cc/rev)] [Itrkm]]l 9%  Jliivkm]] 9% |} [Re/km]] %
Gerotor
10] 4.855 - 5.004 - 4.756 -
[ Fixed Vane

(100% Eccn) | 10.365] 4.819]0.74%] 4.970]0.68%] 4.719]10.78%
Varible Vane
Idle = 30%
Launch = 100%

Closed = 60% | 10.365] 4.784]1.46%] 4.937]11.34%] 4.693]1.32%

* Percentage improvement as compared to Gerotor

ETmp—r— CeT—r— ———

EE: 1015 mode (Japan) | ® | EE NEDC (European) [Billy E IDC (Indian) 2ol ™
: | - -

i B YA T AL AR AR AW
o HL“ HLLI ;Léi”d::.;l Jﬁo mim ,]ﬂll'lfzgjf'lldljl HJHJBED L | o .:I-;F 2;50 35-1”“45..} 5;_131 sé-;ﬁl ]
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HE - High Pressure System

ke T e ‘ Clutch and Gear Actuation

|
| |
| Clutch 1 C|UtCh Contr0| Clutch 2 |
| L
: +A |3+|_LI_I !
|
| |
! e e mmmmmmoo— o .
| . |
| i Gear Selection :
I I 2= 2= I
1 | 1, :::I 1, :::I I
: ]' | |
| |
— — — P — — — .
[~ —————— - - I ears 1-3 T Gears 5-7 T I
r at] e at] e
: OII @ : : 1 >< LT 174 é’ 1 >< LT 174 é’ :
1 ! 1 PJU“H = PJU“H = :
' Supply I i !
1 1 [ LLI LLI 1
| tle 1 | I
| I I I
| 1 I I
1 il 1 I |
I l e | 2 i I
1 1 E | kN kN |
| 1 . }V I Ih BL Ih Bx [
" | T I I
" al+ | I Gears 2-4 Gears B-R I
| — Elec. Purnp I 1, = ﬂj; e 1, = ﬂjn e :
' & Ef+ : : >< IO Y >< IoT Y :
1 | [ I ISi il 47
' L | Lo
1 1 I LI 1
L e e e e - — 1 I e e e e e e e e e e e e e e |
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High Pressure System Simulation Result

Charging in Pressure Drop due to

Initial . .
Deceleration Continuous Leakage

Charging

- - Max.
75bar

Min
30 bar

ACCUMULATOR
PRESSURE [bar
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40 due to Shifting 800 | Accu. Pressure < Min. limit
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VEHICLE SPEED [km/h]

GEAR SELECTED
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SIMULATION TIME [s]
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Final Comments — Future Work

= Look for more intensity of engine/drivetrain
cooperation

= eMachine mechanical integration requires special
attention from the Drivetrain engineer [cooling, speed
(aka imbalance)]

= eMachine power matching to engine performance needs
Improvement

= DCT technology applied to hybrids & electric vehicles
= Secondary drives in conventional vehicles

= Drivetrain eMachine integration may rival exhaust after-
treatment cost and provide similar emission
Improvement

30
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Sensitivity High Pressure System

11 o\
10

without charging in
decceleration

=& Pump+Motor Size

—
8 ./
7 \ —o— Accumulator Vol
—— System Leakage
‘_

S -

—&— Accumulator Vol +Regen.
—&— System Leakage +Regen.
—— Pump+Motor Size +Regen.

Energy in Cycle [kJ],
(@)

4 ~,
3 / \ charging in

decceleration

e

1 \ ‘ ‘
60% 80% 100% 120% 140%
Parameter Change [%] NEDC
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